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Description 



The prior art pofym rization of a norbornene-typ monomer in th pr sence of a metathesis catalyst system is 
characterized by ring opening of the monomer and formation of a polymer that can have pendant unsaturate in the 
cyclic structure. Physical properties can be further enhanced by using a catalyst component which further cleaves an- 
other cyclic structure in the polymer. 

The prior art polymerizations are generally carried out in bulk in substantial absence of a solvent for the nor- 
bornene-type monomer or a mixture thereof. Such a process is referred to as reaction injection molding or RIM and 
results in a thermoset polymer which is polymerized in a mold and extracted therefrom in a short period of time such as 
one quarter of an hour, preferably less than one minute, depending on the size of the article extracted from the mold 
Such a method .s characterized by combining a plurality of reactant st reams, one containing the catalyst of the metathesis 
catalyst system and a second containing the cocatalyst, and at least one stream containing a norbomene-type monomer 
or a mixture thereof; and then injecting the mixed streams into a mold where polymerization results in a tough riqid 
thermoset polymer with high flexural modulus and excellent impact strength 

Reinforcing agents or fillers have been used in the past in making reinforced polynorbornene products These are 
materials which can increase the polymer's flexural modulus with only a small sacrifice in impact resistance Possible 
reinforcing agents and fillers include glass fibers, wollastonite, mica, carbon black, talc and calcium carbonate The 
amount of such agents can vary up to 75%, based on the weight of the final product, preferably 1 to 40% by weight 
The addition of reinforcing agents and fillers is also known to decrease shrinkage of the molded product 

There are differences between particulate fillers and reinforcing agents. Examples of fillers are calcium carbonate 
talc, clays, carbon black, and the like whereas examples of reinforcing agents are minerals such as wollastonite and 
fibers such as aramid, graphite, polyethylene, vegetable, glass, and the like, especially glass. Fillers are normally used 
as bulking agents to reduce cost of the final product whereas reinforcing agents are used with the primary objective to 
improve physical properties of the final product. It is intended here to cover both. Product cost can also be reduced by 
using fillers and/or reinforcing agents in the final product. For purposes herein, the term "substrate" denotes both rein- 
forcing agents and fillers. 

In conducting the RIM polymerization discussed herein, the catalyst and cocatalyst are kept in separate tanks to 
prevent initiation of polymerization. Polymerization commences violently when catalyst and cocatalyst are brought to- 
gether. By using modifiers with cocatalysts, a less violent polymerization at a more uniform rate can be carried out Such 
modifiers include ethers, esters, ketones and nitrites. 

There is another way to attenuate or lessen the action of the metathesis cocatalyst in order to carry out the polym- 
erization. By introducing an alkoxy or aryloxy group into the alkyl aluminum halide cocatalyst, it is thus possible to 
diminish or reduce the reducing power thereof so that controlled polymerization can be conducted 

This invention pertains to a substrate having on its surface a coating selected from the group consisting of ring 
opening metathesis catalysts, ring opening metathesis cocatalysts, and mixtures thereof wherein said substrate is se- 
lected from the group consisting essentially of glass fibers, aramid fibers, graphite fibers, and mixtures thereof 

and to a process for making a reinforced polynorbornene product by introducing a substrate into a mold, the substrate 
material having thereon a metathesis catalyst component(s), introducing a monomer mixture into the mold, the monomer 
mixture containing at least one norbomene-type monomer, and if necessary, introducing the other metathesis catalyst 
component; allowing the norbornene monomer(s) to polymerize by ring opening to form a thermoset polynorbornene 
type product, and extracting the product from the mold. 

The gist of this invention resides in applying a metathesis catalyst or cocatalyst component or a mixture thereof to 
a substrate. The catalyst and/or cocatalyst component is preferably insensitive to air and oxygen and can be applied to 
the substrate from an aqueous or an organic medium in which the component may or may not be soluble The component 
can be applied to the substrate by itself or in another composition, such as a sizing solution. By the use of this invention 
a molder can place a substrate coated with a catalyst or cocatalyst into a mold, introduce the monomer solution into the 
mold whereby the monomer solution would flow around the coated substrate, and extract a thermoset molded product 
from the mold. In this manner, the need for a separate monomer stream containing the catalyst or cocatalyst is obviated 
as well as the need to mix the catalyst stream with the cocatalyst stream before injecting the mixed streams into the mold 
The reinforcing or filler material, or substrate, may be glass, graphite, aramid fibers, wollastonite, mica, carbon black 
talc, calcium carbonate or mixtures thereof. For example, the reinforcing material can be in the form of mats made of a 
continuous strand of glass fiber with a density of 457.7^610.3 c/m 2 {1 . 5 -2.0 oz/ft 2 ), such as random glass mat OCF 
8608 or random glass mat OCF 861 0 from Owens Corning Fiberglas Corporation. To obtain even greater reinforcement 
mats of graphite fibers or Kevlar® aramid fibers can be used. Examples of these are mats of woven AS-4 or AS-6 
graphite fibers of density 305.1-457.7 g/m 2 (1 .0-1 .5 oz/ft 2 ) from Hercules Incorporated. 

Preferably, the mat is made up of fibrous material which is woven, intertwined or interlaced Due to such weaving 
intertwining or interlacing, the fibers of the mat are substantially interdependent in their response to forces applied to 
the mat. The mat can be made, for example, from chopped rovings by pulling vacuum while spraying chopped ravings 
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a ffivIh h r, adV f "I 3 . 96 °' l"* Silyl or 9 anoammonium molybdates and tungstates is that they can be used to support or 
affte the catalyst to a substrate, especially a substrate containing silica, glass, alumina, or the like. The silyl molybdates 
and tungstates can be synthesized in an alcohol or through a route in which the Si-OR groups are not hydrolyzed 

» Sid thT k r e S 0thef ^P 0 " 6 " 18 include etastomers. blowing agents, fillers, flame retardants, 
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" 5m P° nen »- or ^^'V 81 a "d cocatalyst. The known ring^pening metathesis catalyst systems for use in bulk 
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SS^' tndodec y |a h m '^ nium motybdate, methyltricaprylammonium mofybdate, tridridecyDammonium mo- 
lybdate. tnoctylammonmm motybdate, and tantalum pentachloride. It is preferred to use catalysts which are soluble in 
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one or a mixture of norbornene-type monomers. From this viewpoint, organoammonium molybdates and tungstates are 
used. 



If the catalyst is a halide. it can be solubilized in one or a mixture of the norbornene-type monom rs by pretreatment 
with an alcoholic or a phenolic compound. Furthermore, if necessary, complexing agents can be used in combination 
therewith. Examples of the complexing agents include benzonrtrile. tetrahydrofuran, and other Lewis bases acetyl ac- 
etone, and alkyl esters of acetoacetic acid. By doing this, pre-polymerization can be prevented. 

The organoammonium molybdates and tungstates suitable herein as metathesis catalysts have the followina struc- 
tural formulas: 

[R 4 N W6x) M x°y l R > H W6*>M x O y 

where M is molybdenum or tungsten; O represents oxygen; x and y represent the number of M and O atoms in the 
molecule based on the valence of +6 for molybdenum, +6 for tungsten, and 2 for oxygen; and R and Ri radicaJs can 
be same or different and are selected from hydrogen, alkyl and alky lene groups of 1 to 20 carbon atoms, and cycioaliphat- 
ic groups each of 5 to 16 carbon atoms. These catalysts are insensitive to air and moisture. 

Other metathesis catalysts suitable herein include oro^noarsonium and organophosphonium molybdates and tung- 
states. These catalysts are characterized by the following structural formulas: 

[ R 4^(2y-6*)Mx° y f R ^H] (2y . 6x) M x O y 
where Z is the element arsenic or phosphorus; M is molybdenum or tungsten; O represents oxygen; x and y represent 
the number of M and O atoms in the molecule based on the valence of +6 for molybdenum, +6 for tungsten, and -2 for 
oxygen; and R and R 1 radicals can be same or different and are selected from hydrogen, alkyl and alkylene groups of 
1 to 20 carbon atoms, and cycloaliphatic groups each of 5 to 16 carbon atoms. These catalysts are also insensitive to 
air and moisture. 

Still other metathesis catalysts suitable herein include the organoammonium, organophosphonium and organoar- 
sonium heteropolymolybdates and heteropolytungstates. These catalysts are also insensitive to air and moisture. 

The metathesis catalyst for ring-opening polymerization of a norbornene-type monomer or a mixture thereof is used 
at a level of 0 05 to 1 weight part based on 100 weight parts of all norbornene-type monomers, preferably 0 1 to 0 7 
weight part. 

The cocatalysts or activators are selected from the organoaluminums such as trialkylaluminums, alkylaluminum 
hydrides, alkylaJuminum halides, alkoxyalkylaluminum halides, aryloxyalkylaluminum halides, and metalioxyalkylalumi- 
num hahdes; organic tin compounds; and organic lead compounds. The alkylaluminum halide cocatalysts initiate po- 
lymerization immediately upon mixing thereof with a metathesis catalyst. Initiation of polymerization can be delayed by 
using a modifier selected from esters, ethers, ketones, and nitriles, as is well known in the art, especially ethyl benzoate 
butyl ether, or diethylene glycol dimethyl ether. 

Preferred metathesis cocatalysts are selected from the alkoxyalkylaluminum halide and aryloxyalkylaluminum halide 
cocatalysts defined as follows: 

<RO) a R^AIX c 

where R is selected from alkyl and phenyl radicals; R1 is selected from alkyl radicals; x is a halogen; the sum of a, b 
and c is 3.0 and each one of these parameters defines the equivalents of the moieties in the cocatalyst. This group'of 
preferred cocatalysts includes alkoxyalkylaluminum chlorides and iodides and phenoxyalkylaluminum chlorides and 
iodides, especially propoxyethylaluminum chloride and the sesquichloride. The alcohol can be added separately from 
the alkylaluminum halide cocatalyst and the alcohol reacts in situ to form the final cocatalyst. These cocatalysts are 
soluble in norbornene-type monomer or mixtures thereof and can have a variable pot life depending on the amount of 
alcohol or the alkoxy moiety used to moderate it. The more alcohol used the longer is the pot life of the system using 
the alkoxyalkylaluminum or phenoxyalkylaluminum halide cocatalysts. 

Preferred metathesis cocatalysts also include metaloxyalkylaluminum halides defined as follows: 

(R n MO) a R'AIX c 

where M is a metal selected from tin, lead, and aluminum; R and Ri are individually selected from organic groups 
especially lower alkyl groups and phenyl groups, n is 2 or 3, depending on the metal; X is a halide; and the sum of a, b 
and c is 3.0, each parameter defining the equivalents of the moieties in the cocatalyst. 

Also included in the preferred metathesis cocatalysts are the organic tin compounds selected from alkyltin cocata- 
lysts of lower alkyl tetraaJkyltins, such as tetrabutyltin, lower alkyl trialkyftin and triaryltin hydrides such as tributyftin 
hydnde, tnphenyltin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride, tetraethyttin and tetrabutyltin 
Also preferred are the organic lead compounds selected from alkyllead cocatalysts such as tetraethylead These cocat- 
alysts are insensitive to air and moisture and can be handled in air without special precautions which are needed with 
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the alkoxy and aryloxy alkyiaiuminum halkJes and the other metathesis cocataiysts. 

The metathesis cocataiysts that are air insensitive can be applied to the reinforcing material from an organic or 
aqueous medium or be included in a sizing composition. The resulting air and moisture stable reinforcing material 
especially glass fibers, can be used in the manufacture of structural polymeric matrix composites where the polymer 
matrix is partly or wholly composed of polymerized norbornene-type monomer or a mixture thereof. Same or similar 
conclusions apply to reinforcing material coated with a metathesis cataryst. 

There are metathesis catalyst and metathesis cocatatyst systems which can be combined at room or ambient tem- 
perature without reacting or causing initiation of polymerization. Such catalysts and cocataiysts can be applied to a 
substrate from organic or aqueous systems in predetermined amounts. Such treated substrate is then placed in a mold 
a norbomene monomer or a mixture thereof is introduced into the mold around the substrate, and the temperature of 
the mold contents is increased to polymerize the monomer(s). This approach has limited application due to the need 
for special metathesis catalysts and metathesis cocataiysts which are inert to each other at room or ambient temperature 
but which initiate polymerization at an elevated temperature. 

As noted above, suitable metathesis catalysts and cocataiysts can be applied to a substrate from an organic or an 
aqueous system. Suitable solvents for use in the organic systems include aliphatic and cycloaliphatic hydrocarbon sol- 
vents such as pentane, hexane, heptane, octane, cyclohexane, cyclohexene and cyclooctane; aromatic hydrocarbon 
solvents which are liquid or easily liquified such as benzene, toluene and naphthalene; and substituted hydrocarbons 
wherein the substituents are inert, such as dichloromethane, chloroform, chlorobenzene and dichlorobenzene. Aqueous 
systems devoid of flammable and volatile organic solvents offer benefits in certain commercial operations. 

Whether applied from an organic or an aqueous system, the catalyst or cocatatyst deposits on the substrate and 
becomes insoluble or difficult to leach out in organic and other solvents. This approach requires that the molder introduce 
into a mold a monomer charge with a catalyst or cocatatyst over the treated substrate whereby the monomer charge in 
liquid form flows around the treated substrate to fill all voids and wet the substrate 

It is preferred to select cocataiysts which are soluble in the norbornene-type monomer and mixtures thereof and 
which are relatively insensitive to oxygen and moisture. Between 0. 1 and 100 millimoles, preferably 0.2 to 50 millimoles, 
of the metal in the cccatalyst is used per mole of norbornene-type monomer or a mixture thereof. 

The norbornene-type monomers or polycycloolefins that can be polymerized in accordance with the process de- 
scribed herein are characterized by the presence of at least one norbomene group, identified by formula I, that can be 
substituted or unsubstituted: 




Pursuant to this definition, suitable norbornene-type monomers include polycycloolefins and in particular tricyclic and 
higher cyclic olefins selected from substituted and unsubstituted norbornenes, dicyclopentadienes, dihydrodicyclopen- 
tadienes, trimers of cyclopentadiene, and tetracyclododecenes. Examples of preferred monomers referred to herein 
include dicyclopentadiene, tetracyclododecene, methyltetracyclododecene, hexacycloheptadecene, methyl hexacy- 
cloheptadecene, 2-norbornene and other norbomene monomers such as ethyl idenenorborn en e, vinyl norbomene, 
5-methyl-2-norbornene, 5,6-dimethyl-2-norbomene, 5-ethyl-2-norbornene, 5-butyl-2-norbornene, 5-hexyl-2-nor- 
bornene, S-octyl^-norbornene, and 5-dodecyl-2-norbomene. 

The invention especially contemplates preparation of homopolymers, copolymers and terpolymers of norbomene, 
methylnorbornene, vinyl norbomene, ethylidenenorbornene, dicyclopentadiene, tetracyclododecene, methyltetracy- 
clododecene, hexacycloheptadecene, and methyl hexacycloheptadecene. 

The monomer or a mixture of norbornene-type monomers can contain up to 20%, preferably 1 to 10% 3 by weight 
thereof of at least one other copolymerizable monomer Such other copolymerizable monomers are preferably selected 
from mono- and dicycloolefins containing 4 to 12 carbon atoms, preferably 4 to 8 carbon atoms, examples of which 
include cyclobutene, cyclopentene, cyclopentadiene, cycloheptene, cyclooctene. 1,5-cyclooctadiene, cyclodecene, cy- 
clododecene, cyclododecadiene, and cyclododecatriene. 

In addition to the metathesis catalyst or cccatalyst in the monomer solution or an organic solvent solution or in an 
aqueous dispersion, in the preferred embodiment where a metathesis catalyst or cccatalyst is deposited on the substrate, 
a halogen source can be used in amount of 0.1 to 2 millimoles thereof per mole of the norbornene-type monomer(s). 

Suitable halogen source herein is any halogen compound which can provide sufficient halogen for polymerization 
of one or more norbornene-type monomers in the presence of the metathesis cataJyst system disclosed herein. Such 
halogen source is generally selected from non-aluminum metal halides where the metal is selected from tin, antimony, 
germanium and silicon. Depending on the valence of the metal, the compound suitable herein as a halogen source can 
contain a full complement of a haJogen or it can contain a lesser number of halogen atoms in which case, the remaining 
valence or valences are satisfied by a group selected from hydrogen, alkyi and alkoxy groups containing 1 to 6 carbon 
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atoms, and phenyl and alkylpheny! groups containing 6 to 14 carbon atoms. 

Examples of a surtab! halogen sourc are chlorosilanes s lected fromdirnethylmonochlorosilane, dimethyldichlo- 
rosilane, diphenyldichlorosilarie and tetrachiorositane. Tetrachlorosilane is particularly preferred. 

In the monomer stream, other ingredients can be used such as elastomers, blowing agents, fillers, and flame re- 
tardants. 

In the present invention, an elastomer may be used together with the catalyst or cocatalyst, but preferably with the 
cocatalyst. The elastomers which can be used are natural rubber, polybutadiene, styrene-butadiene copolymer, polyiso- 
prene, styrene-butadiene-styrene block copolymer, styrene-isoprene-styrene block copolymer, ethylene-propyfene-di- 
ene terpolymer, ethylene-vinyl acetate copolymer, and their hydrides. The elastomers may be used alone or as a mixture 
of two or more. 

If a solution containing a monomer has low viscosity, the viscosity of such solution can be properly adjusted by 
dissolving elastomer therein. 

The blending ratios of these elastomers are ordinarily 0.5-20 parts by weight, preferably 1-1 5 parts by weight, with 
respect to 100 parts by weight of the monomer charge. If the blending ratio of the elastomer is too low, the effect of 
rendering the impact resistance will be small. On the other hand, if it is too high, the viscosity of the solution will be too 
high and the molding operability will be poor. 

The best mode now contemplated of carrying out this invention is exemplified by the following working examples 
of preferred specific embodiments. This invention is not limited to these specific examples. All percentages are by weight, 
based on the weight of monomer charge, unless otherwise clearly indicated. 

Example 1 

Preparation of Catalyst 

In this catalyst preparation, ADOGEN® 340 (commercially available from the Sherex Corporation) was used. This 
material is a long chain fatty amine with a composition NR 3 where R comprises 5% C-^Hjg, 30% C 16 H 33 and 65% 

C 18 H 37 

A. 10 grams ADOGEN® 340 was weighed into a 1000 ml round bottomed flask to which 1 00 ml methylene chloride 
was added to yield a colorless solution. 

B. 1 3.22 grams ammonium molybdate [(NH 4 ) 2 M0 2 0 7 .4H 2 0] was dissolved in 200 ml distilled water to yield a light 
blue solution. 

C. 6.24 grams hydrochloric acid (37%) was diluted with 20 ml distilled water to yield a colorless solution. 

D. With stirring, solution B was added to solution A, and thereafter, solution C was added to the resulting solution. 
On mixing, the methylene chloride layer became light yellow in color. This color intensified somewhat after refluxing 
for 1 hour. The methylene chloride layer was separated off, washed twice with distilled water and dried, whereby 
the catalyst (R 3 NH) 4 Mo 8 0 26 was obtained (R as described above) as a yellow-brown waxy solid. 

Preparation of Coated Glass Fiber 

Six grams of the above-described organoammonium molybdate was dissolved in 400 g methylene chloride in air. 
A section of commercially sized Owens Coming 8608 fiber glass weighing 30.41 g was dipped into this solution for 30 
seconds and then allowed to air dry to constant weight. The final weight of the catalyst coated glass fiber mat was 30.70 
g, indicating a catalyst loading of 0.29 g. The coated glass fiber mat was completely dry to the touch. 

Preparation of Cocatalyst Solution 

To a 92.5/7.5 weight mixture of dicyclopentadiene (DCPD) and ethylidenenorbomene (ENB) (131.3 g) was added 
under nitrogen n-propanol in amount of 3.6 ml of a 1 .0 molar solution in a DCPD/ENB mixture followed by diethy (aluminum 
chloride (DEAC, 6 ml of a 0.5 molar solution in a DCPD/ENB mixture and silicon tetrachloride (6 ml of a 0.25 molar 
solution in a DCPD/ENB mixture). 

Polymerization 



The section of catalyst-coated glass fiber mat was placed into a 22.86 cm x 1 5.24 cm x 0.32 cm (9" x6 tf x1/8 inch) 
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aluminum roily mold. The mold was flushed with nitrogen and heated to 60'C. The cocatalyst solution was then in.ro- 

s^°i iS^r^°A«r U , Z"*?"" fib8r mat - TherG " ™ immediate exothe ™ P««ked after 45 

seconds at 143»C. After cooling, the mold was opened to reveal a hard, completely solidified glass fiber reinforced 
plaque weighing 97.20 g, approximately 31% by weight glass fiber. reiniorcea 



Example 2 

Preparation of Coated Glass Fiber 

Three grams of tristridecylammonium molybdate ([(C^H^NHUMosO^) was dissolved in 200 g methylene chic- 
le under air. A section of Owens Corning 8608 glass fiber mat weighting 41.0 g was dipped into this solution for 30 
seconds and then allowed to air dry to constant weight. The final weight of the coated mat was 41 3 g indicating that 
0.3 g of the catalyst had been adsorbed onto the glass fiber mat. The mat was a very pale green in color and slightly 
tacky to the touch. a ' 

Preparation of Cocatalyst Solution 

„ D I™ cocata| y st ^Ponent used was stored in a 18.9 I (5-gallon) 'Firestone type" can under a pressure of 206 8 
kPa (30 ps.) nitrogen. The solution comprised 8323 g , 92.5/7.5 DCPD ENB mixture in which had been dissolved a 
commercially available Kraton® D-1102 elastomer in amount of 317 g. To this solution under nitrogen was added neat 
44.65 g diethylaluminum chloride. 32.05 g of 2,4-dimethyl-3-pentanol in 288.5 g of 92.5/7 5 DCPD/ENB mixture 3 46 
g n-propanol in 31.1 g of 92.5/7.5 DCPD/ENB mixture, and 31 .46 g neat SiCI 4 . 

Polymerization 

The section of catalyst-coated glass fiber mat was placed into a 22.86 cm x 1 5.24 cm x 0 32 cm (9" x 6" x 1/8 inch) 
aluminum cavity mold. The mold was flushed with nitrogen and heated to 60°C. The cocatalyst solution was then intro- 
duced. There was an immediate exotherm which peaked after 45 seconds at about 150"C. After cooling the mold was 
opened to reveal a hard, completely solidified glass fiber reinforced plaque weighing 123.8 g, approximate* 33% by 
weight glass fiber. * 

Example 3 

Preparation of Coated Glass Fiber 

Four milliliters of tetra-n-butyltin was dissolved in 200 ml methylene chloride. A section of woven glass fiber rovinq 
was placed in an oven at 615»C and baked for 30 minutes after which it was cooled and weighed The purpose of this 
baking procedure was to remove the sizing agents. The mat, weighting 58 g, was dipped into the above-described 
cocatalyst solution in air for approximately 30 seconds and allowed to air dry to a constant weight of 60 40 q indicatinq 
that the glass fiber mat had adsorbed 2.4 g of the tetrabutyltin cocatalyst. 

Preparation of Catalyst Solution 

To a 92.5/7.5 mixture of DCPD and ENB (160 g) under nitrogen was added 8 ml of silicon tetrachloride as a 0 25 
molar aoJutton ,n a DCPD/ENB mixture and tridodecylammonium molybdate OtC^feNHUMo^) in amount of 4 
ml of a 0. 1 normal solution in 92.5/7.5 DCPD/ENB mixture • 

Polymerization 

The section of cocatalyst-coated glass fiber mat was placed into a 22.86 cm x 1 9.1 cm x 0 32 cm (9" x 7 1/2" x 1/8 
inch) aluminum cavity mold. The mold was flushed with nitrogen and heated to 60°C. The catalyst solution was then 
introduced. There was an immediate exotherm which peaked after approximately 3 minutes at 172°C Alter cooling the 
mold was opened to reveal a hard, highly converted glass fiber reinforced plaque with no voids evident weighing 165 0 
g. indicating a glass fiber loading of about 35%. 
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Exampl 4 

Preparation of Coated Glass Fiber 

Four milliliters of tetra-n-butyltin and 2.0 g tndodecylammonium molybdate were dissolved in 200 ml methylene 
chloride. A section of woven glass fiber roving was placed in an oven at 615°C and baked for 30 minutes after which it 
was cooled and weighed. The mat, weighing 65.5 g, was dipped into the above-described solution in air for approximately 
45 seconds and allowed to air dry to a constant weight of 57.6 g indicating that 2.1 g of the catalyst and cocatafyst had 
been adsorbed onto the glass fiber. 

Polymerization 

Silicon tetrachloride in amount of 8 ml of a 0.25 molar solution in 92.5/7.5 DCPD/ENB mixture was added under 
nitrogen to 160 g of a DCPD/ENB 92.5/7.5 mixture. The above described coated glass fiber mat was placed into a 22.86 
cm x 19.1 cm x 0.32 cm {9" x 7 1/2" x 1/8") aluminum cavity to 60°C at which time the monomer SiCI 4 solution was 
added. On opening the mold, it was observed that polymerization had occurred but that conversion was not complete 
in the center of the plaque indicating that the catalyst/cocatalyst was not homogeneously dispersed throughout the mat. 
This problem can be overcome by using a longer dipping time or by using a more concentrated solution of the catalyst 
and cocatalyst. 

Example 5 

Catalyst Solution Preparation 



A 0.10 g WCI 6 was dissolved in 49 ml toluene under nitrogen. 

B. 0.04 g p-tert-butylphenol was dissolved in 1 0 ml toluene. 

C. Solutions or dispersions A and B were combined and purged with nitrogen for 2 hours to remove HCI liberated. 

D. 0.028 ml of benzonrtrile was added to C to prepare the catalyst solution 
Preparation of Cocatalyst Solution 

One and one-half milliliters di-butyl ether was added to 129 ml DCPD to which had already been added 10.8 ml of 
a 0.5 molar solution of DEAC in a 92.5/7.5 DCPD/ENB solution. 

Glass Fiber 

50 g of commercially available silane-sized, chopped strand fiberglass was introduced into a clean, dry sample 
bottle which was placed in an oven at 1 40°C for 1 2 hours and then allowed to cool under nitrogen. 

Preparation of Coated Glass Fiber 

One half of the catalyst solution (D) was added to the test bottle containing the chopped glass strands and toluene 
was removed by evaporation to afford the glass coated with the catalyst. 

Thirty two grams activator/monomer solution was injected under nitrogen into the test bottle containing glass strands 
coated with the catalyst. An immediate reaction followed as witnessed by a small exotherm. The bottle was placed in 
an oven at 105°C to drive the reaction to completion. After completion of the polymerization, the color of the catalyst 
had changed from red to brown and the polymer took the form of a hard mass in which the chopped glass fiber strands 
were firmly embedded. 

Example 6 

The remaining half of catalyst solution D described in Example 5 was added to a second test bottle containing a 
further 50 g of chopped glass strands and toluene was removed by evaporation. The contents of the bottle, which 
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conta.ned glass fiber strands coated with catalyst were then exposed to air and moisture by opening the bottle and 
exposing the contents to the atmosphere for a period of 72 hours at ambient conditions. After this period, the color of 
the coated glass had changed from red to brown. The bottle was then restoppered and 32 g of the activator/monomer 
solution was added at ambient temperature after which the bottle was placed in an oven at 140°C for a total of 120 
minutes. The greatest portion of the mass had solidified to afford a blue-colored mass but there was a little unconverted 
yellow liquid which formed a separate upper layer indicating that this particular catalyst system, in contrast to the air-sta- 
ble nalogen-f ree metallate systems exemplified in examples 1 to 4, exhibits a certain degree of air-sensitivity even when 
adsorbed on to a glass-fiber support. 

Example 7 

Aqueous Dispersion of Molybdate Catalyst 

Two grams of tristridecylammonium molybdate was dissolved in 5 grams of methyl isobutyl ketone Deionized water 
in amount of 100 g was added to form a dispersion of catalyst. 

Preparation of Coated Mat 

A piece of Owens Corning 8608 glass fiber mat (about 1 3 um fiber thickness) was dipped into the above solution 
tor about 1 5 seconds, removed, and then dried in an air oven at 1 50"C for 30 minutes. The initial mat was white in color. 
The coated mat was uniformly light yellow in color, demonstrating that the mat was coated with catalyst. 

Polymerization 

Two layers ol the above mat were cut to fit into a 15.24 cm x 22.86 cm x 0.32 cm (6" x 9" x 1/8") aluminum cavity 
mold which was heated to about 60°C. The mold was purged with nitrogen and then the cccatatyst activator solution of 
Example 2 was introduced into the mold The reaction was monitored by observing the temperature of the reaction 
mass. After the reaction mass had cooled in the mold, a completely solidified fiber reinforced plaque was removed from 

the mold. 

Example 8 

Preparati on of Catalyst and Film Former Sizing Dispersion 

One gram of tristridecylammonium tungstate was mixed with 5 g toluene, 15 g isopropanol, and 5 g Ricon® 156 
resin. Ricon® 156 resin is a poly(styrene-butadiene) resin supplied by Colorado Chemicals. Also, 100 g of deionized 
water was added with vigorous mixing to create a dispersion. 

Preparation of Treated Fibers 

A 55 g portion of the sizing dispersion prepared above was mixed with 30 g of water-sized chopped fibers supplied 
by Owens Corning Fiberglas. The fibers were then dried for one hour in an air oven at 1 50°C, and then over night at 50°C 

Polymerization 

About 15 grams of treated fibers were placed in a jar under nitrogen at room temperature. Sufficient cocatalyst 
solution was added to the fibers, as described in example 2. No reaction was observed at room temperature after several 
minutes. But when the jar was placed in an oil bath at 80 a C, polymerization with an exotherm above 150"C occurred 
within four minutes. Conversion of monomer to polymer was judged to be high based on the hardness of the reaction 
mixture upon cooling. 



Claims 



Substrate having on its surface a coating selected from the group consisting of ring opening metathesis catalysts 
ring opening metathesis cocatalysts, and mixtures thereof wherein said substrate is selected from the group con- 
sisting of glass fibers, aramid fibers, graphite fibers, and mixtures thereof. 
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Substrate of claim 1 wherein said metathesis catalyst is selected from the group consisting of halides, oxides, and 
oxyhalides of tungsten, molybdenum and tantalum; organoarsonium, organophosphonium, and organoammonium 
molybdates and tungstat s, heteropolymotybdates, het ropolytungstates; and mixtures thereof. 

Substrate of claim t wherein said metathesis cocatalyst is selected from the group consisting of organoaluminums, 
organic tin compounds, organic lead compounds, and mixtures thereof. 

Substrate of claim 2 wherein said organoammonium, organoarsonium, and organophosphonium molybdates and 
tungstates are defined by the following formula: 

r R 4Z] (2y _ e^Oy [R;ZH] (2y . 6x) M x O y 

where Z is nitrogen, arsenic or phosphorus; M is molybdenum or tungsten; O is oxygen; x and y represent the 
number of M and O atoms in the molecule based on the valence of +6 for molybdenum, +6 for tungsten and -2 for 
oxygen, and R and R 1 are individually selected from hydrogen, alkyl and alkylene groups of 1 to 20 carbon atoms, 
and cycloaliphatic groups each of 5 to 16 carbon atoms. 

Reinforcing or filler material of claim 2 wherein said cocatalyst is air- insensitive and is selected from the group 
consisting of organic tin compounds, organic lead compounds, and mixtures thereof. 

Reinforcing or filler material of claim 5 wherein said cocatalyst is selected from the group consisting of tetraalkyltins, 
triaklyltins hydrides, tetraalkylleads, and mixtures thereof. 

Reinforcing or filler material of claim 6 wherein said cocatalyst is selected from the group consisting of tetrabutyltin, 
tributyltin hydride, tetraethyllead; and mixtures thereof. 

Substrate of claim 3 wherein said organoaluminums are defined by the following formulas: 

(R n MO) a R^AIX c and (RO) a R^AIX c 

where M is selected from silicon, tin, germanium, lead, and aluminum, R and R 1 are individually selected from lower 
alkyl groups and phenyl groups, X is a halide selected from chloride and iodide, the sum of a, b and c is 3.0 with 
each parameter denoting the equivalents of the moieties in the cocatalyst. 

Substrate of claim 1 wherein said catalyst is selected from tungsten hexachloride, tungsten oxytetrachloride, tung- 
sten oxide, tridodecylammonium tungstate, methyltricaprylammonium tungstate, tri(tridecyl)amrnonium tungstate, 
trioctylammonium tungstate, molybdenum pentachloride, molybdenum oxytrichloride, tridodecylammonium molyb- 
date, methyltricaprylammonium molybdate, tri(tridecyl)ammonium molybdate, trioctylammonium molybdate, and 
tantalum pentachloride; wherein said cocatalyst is selected from diethylaluminum halides, propoxyethylaluminum 
halides, tetrabutyl tin hydride, triphenyltin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride, tetra- 
ethyltin, tetrabutyltin, and mixtures thereof. 

Substrate of claim 2 wherein said cocatalyst is selected from diethylaluminum chloride, dioctylaluminum iodide, and 
mixtures thereof; said cocatalyst is used with a reaction rate moderator selected from ethers, esters, ketones, alco- 
hols, and mixtures thereof, wherein molar ratio of said moderator to said cocatalyst is 1 : 1 .5 to 1 5. 

Method of preparing a substrate with a coating thereon selected from ringopening metathesis catalysts, ring-open- 
ing metathesis cocatalysts, and mixtures thereof, comprising applying said coating onto said substrate, and drying 
said substrate and wherein said substrate is selected from the group consisting of glass fibers, aramid fibers, graphite 
fibers, and mixtures thereof. 

Method of claim 11 wherein said metathesis catalyst is selected from the group consisting of halides, oxyhalides 
and oxides of tungsten, molybdenum and tantalum; organoarsonium, organophosphonium, and organoammonium 
molybdates and tungstates; heteropolymolybdates; heteropofytungstates; and mixtures thereof; and wherein said 
metathesis cocatalyst is selected from the group consisting essentially of organoaluminums, organic tin compounds, 
organic lead compounds, and mixtures thereof. 

Method of claim 12 wherein said organoammonium, organoarsonium and organophosphonium molybdates and 
tungstates are defined by the following formula: 
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f R 42](2y-6x) MxOy PjZHJ^ M x O y 

where Z is nitrogen, arsenic or phosphorus, M is molybdenum or tungsten, O is oxygen, x and y represent the 
number of M and O atoms in the molecule based on the valence of +6 for molybdenum, + 6 for tungsten and -2 for 
oxygen, and R and R 1 are individually selected from hydrogen, alkyl and alkylene groups of 1 to 20 carbon atoms 
and cycloahphatic groups each of 5 to 16 carbon atoms. 

14. Method of claim 12 comprising applying said coating from an aqueous sizing composition which comprises an 
organosilane, lubricant, antistatic agent, film forming resin, said coating, and water. 

15. Method of claim 11 wherein said coating is dissolved in at least one norbomene-type monomer, and said nor- 
bomene-type monomer is selected from the group consisting essentially of norbornene, methylnorbornene vinyl 
norbornene, ethylidenenorbomene, tetracyclododecene, methyltetracyclododecene, dtcyclopentadiene, trimers of 
cyclopentadienes, tetramers of cyclopentadienes, and mixtures thereof. 

16. Method of claim 11 wherein amount of said metathesis catalyst and/or cocatalyst is 0.1 to 0.7 weight part per 100 
weight parts of said at least one norbornene-type monomer. 

17. Method of claim 12 wherein said substrate is a glass fiber mat and said coating is applied to said mat by dipping 
said mat in an aqueous medium containing said coating. 

18. Method of claim 12 wherein said organoaluminums are defined by the following formulas: 

(R n MO) a R* AIX C and (RO) a R^AIX c 

where M is selected from silicon, tin, germanium, lead, and aluminum, R and R1 are individually selected from lower 
alkyl groups and phenyl groups, X is a halide selected from chloride and iodide, the sum of a, b and c is 3 0 with 
each parameter denoting the equivalents of the moieties in the cocatalyst; wherein said catalyst is selected from 
tungsten hexachloride, tungsten oxytetrachloride, tungsten oxide, tridodecylammonium tungstate, methyltricapry- 
lammonium tungstate, tri(tridecyl)ammonium tungstate, trioctylammonium tungstate, molybdenum pentachloride 
molybdenum oxytrichloride, tridodecylammonium mofybdate, methyltricaprylammonium molybdate, tri(tridecyl) 
ammonium molybdate, trioctylammonium molybdate, and tantalum pentachloride. 

19. Method of claim 12 wherein said cocatalyst is selected from diethylaluminum halides, propoxyethy (aluminum hali- 
des, tetrabutyi tin hydride, triphenyltin hydride, trimethyltin hydride, triethyltin hydride, tripropyltin hydride tetrae- 
thyltin, tetrabutyltin, and mixtures thereof. 

20. Process of preparing a reinforced molded article comprising placing into a mold a substrate having thereon a com- 
ponent of a nng-opening metathesis catalyst system selected from the group consisting of a catalyst, cocatalyst 
and mixtures thereof, introducing into the mold at least one norbornene-type monomer with the proviso that if the 
catalyst component or cocatalyst component is deposited on the substrate the monomer charge contains the com- 
plementary catalyst component or cocatalyst component to form the metathesis catalyst system allowing a 
ring-opening polymerization reaction by ring^opening of said at least one norbornene-type monomer to proceed in 
the mold, wherein said substrate is selected from the group consisting of glass fibers, aramid fibers, graphite fibers 
and mixtures thereof. 

21 . The process of claim 20 wherein said substrate is coated with the metathesis catalyst component and said monomer 
contains the metathesis catalyst component. 

22. The process of claim 20 wherein said substrate is coated with the metathesis cocatalyst component and said mon- 
omer contains the metathesis catalyst component. 

23. Process of anyone of claims 20 to 22 wherein said catalyst is selected from halides, oxyhalides and oxides of 
tungsten, molybdenum and tantalum; organoarsonium, organophosphonium and organoammonium molybdates 
and tungstates; heteropolymolybdates; heteropolytungstates; and mixtures thereof; and wherein said cocatalyst is 
selected from organoaluminums, organotin compounds, organolead compounds, and mixtures thereof. 

24. Process of claim 23 wherein said organoammonium, organoarsonium and organophosphonium molybdates and 
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tungstatas are defined by the following formula: 

[ R 4Z] (2y ^,M x O y IR^ZH^M^ 
where 2 is nitrogen, arsenic or phosphorus, M is molybdenum or tungsten O is oxvaen x and u ,k q 
number of M and O atoms in the molecule based on the valence of +6 for mofybdenT^ forTunLen aT 2 to 
oxygen and R and R1 are individual* selected from hydrogen, alky, and alkylene groC^ slf Tto 20^ZatonJ 
and cycloaliphatic groups each of 5 to 16 carbon atoms. P« °' i io «ju carbon atoms, 

25. Process of claim 23 wherein said organoaluminums are defined by the following formulas: 

(R„ MO) a R^ALX e and (RO) a R^AIX c 
^Zl « iS v ,6d u 0 ? tini ' ead ' and a,uminum ^ R ™* ™ are individually selected from lower alkvl groups and 

t^ZS^ST h" m0 ' etieS in ^ ""^ whWBln —Pounds are selected from 

Z„T tetralkyltins and a,r-,nsens,t.ve trialkyltin hydrides; and said organic lead compounds are selected 
from the group consisting of air-insensitive tetraalkyllead compounds. selected 

Tr^f °' claims f° wherein ^bstrate is selected from the group consisting of glass fibers aramid fibers 
graphrte fibers, and mixtures thereof; said process also including the step of introducing with said c^^t a 
halogen source selected from chlorosi lanes. cocaiaiysi a 

27. Process of any one of claims 20, and 23 to 25 wherein amount of catalyst is 0.05 to 1 weight part per 100 weiqht 

to So a^ wt ' eaSt °S nabBman ^ «™™* molar ratk> of sakf c^atafysUo^id^atZrf 

to 200. and where.n said amount of said halogen source is 0.1 to 2 millimoles per mole of said monomer(s). 

^ l™Z°teZZ e ?nlT 20 1 ° ? 27 Wher6in ^ noroomene - t yP« monom« is selected from substituted 
Mur»ubstitutad 2-no*omenes. dicyclopentadienes, dihydrodicyclopentadienes. trimers of cyctopentadienes 
tetramers of cyclopentad.enes, tetracyclododecenes, and mixtures thereof. ■opemaa.enes, 

**' r o *Z.l Clai .T S Wh8re ^ ^ norbornene - ,v P e monomer is selected from norbornene, methylnorbornene vinyl 
cvl^T , h V f nen0 * 0mene ' tetrac y clodode «™. methyltetracydododecene, dicyclopentadiene trim^ o 
cyclopentadiene, tetramer of cyclopentadiene. and mixtures thereof; and wherein said cocatalyst is selected from 
diethylalummum hahdes, propoxyethylaluminum ha.ides. tetrabutyl tin hydride, trlphenyttin Ey^ 
hydnde, triethyftin hydride, tripropyltin hydride, tetraethyltin, tetrabutyltin, and mixtures thereof tmu *W n 

30. Process of claim 26 wherein said halogen source is tetrachloride: wherein said catalyst is selected from the 

nut ^L V h 7T! n ' Um tUn9S,ate - t"(tridecyl)ammonium tungstate, tricctylammonium tungstate, molybde- 

^ mo, y bdenum oxytrichloride, tridodecylammonium molybdate, methyltricap^lammc^ium mofyb- 
date, tr.ftridecyQarnmoniurn molybdate, trioctylammonium molybdate, and tantalum pentachloride 



Patentanspruche 



2. 



^Tl^Z^Tt ^ S8,ner ° b8rf,§Che ' die aus der G ~PP« ausgewahlt ist, die aus Ringoffnungs- 
^ Is dt R,n90ff h Tf ^tathesecokata,ysatoren und Gemischen davon besteht, wobeTdas Sub- 

bestehr ausgewahlt '*«• dm aus Glaslasem, Aramidlasem. Graphitfasern und Gemischen davon 

Substrat gemaB Anspruch 1 , wobei der Metathesekatalysator aus der Gruppe ausgewahlt ist die aus Haloaeniden 
0Xidha,09e^ider, V °" Wol,ram ' «* Tantal. OrgarLrsonL, oSS^STSS 

?aSro a ZhT ,Umm0 ^ da,en - WO,framaten - Heteropofymofybdaten. Heteropofywolfr^n und GeTschen 
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4 - rs=szr.Lr™^ 

5 ' rraeSf^T ""^ """f A T fUCh 2> ^ def O*-*— '"ftun^pfindlich is, and aus der Gruppe 
ausgewahl, dle aus orga^schen Zmnverbindungen. organischen B.eiverbindungen und Gemischen 3 

6 " rr^T 98 " O l ef ^ 0IIStOf ' 9em§B AnSpfUCh 5 " wobei der Cokatalysator aus der Gruppe ausgewahft is, die aus 
Tetraalky«z.nnv e rb,ndungen, Trialkyizinnhydriden. Tetraalky.bleiverbindungen und GemiLen besteSl 

7. Verstarkungs- Oder Fullstoff gemaB Anspruch 6, wobei der Cokatalysator aus der Gruppe ausgewahft is, die aus 
Tetrabutylz.nn, Tributylzinnhydrid, Te.raethylblei und Gemischen davon besteh.. aus 9 ewa ™ «* d.e aus 

8. Substra, gemaB Anspruch 3, wobei die Organoaluminiumve^indungen durch die folgenden Formeln definier, sind: 

(H n MO) a R 1 b AIX c und (RO) a R' b AIX c , 
wobei M aus Si.icium, Zinn, Germanium. Blei und Aluminium ausgewahlt ist. R und Ri einze.n aus Niederalkylorup- 
™ Ph r y ' 9 : UPPen aUS ^ M sind ' X ein Hal °9enid is,, das aus Chlorid und lodid ausgewahft i^e Summe 
von a, b und c 3.0 ,st, wobei jeder Parameter die Aquivalente der Struktureinheiten in dem Cokata^ 

9. Substra, gemaB Anspruch 1, wobei der Katalysator aus Wolframhexachlorid, WolframoxidJetrachlorid Wolframoxid 
Tr,dodecylammoniumwoftrama,. M e* 

mon,umwolfrarn^ Molybdanpemachlorid, Molybdanoxkftrichlorid, TridodecylaTmoniumZ^^ 
w^TT ridec Vl)ammoniummolybda,, TrioCylammoniummolybda, und TanSta^SS- 

Szinnh^' T ^^J™ Dieth y tel ^^^halogenk.en. Propoxye^uminiumhaiogeniden 1££ 

SuX^ 

10 ' C U ^HrT a AnSpmCh2 - ^ der Coka, alysa ,or aus Diethylaluminiumchtorid. Diotfylaluminiumiodid und 
^TeZTZ^T^ d f *"•» Reaktk^geschwindig keftsmoderator^er aus 

fcthem, Eslern. Kelonen, Alkoholen und Gemischen davon ausgewahlt is, verwendet wird wobPi <^ffr™„ 
genverhaltnis des Moderators zu dem Cokalalysator 1 : 1 .5 bis 1 s betragt. W ' rd ' W ° be ' das Stoffmerv 

11. Verfahren zur Herstellung eines Substrats mit einer Beschichtung darauf. die aus Rinqoffnunqsmetathesekatah, 
satoren. Ringoffnungsmetamesecokatatysatoren und Gemischen davon ausgewahft w3ZSJS2S2i 
derBesch.chtungaufdasSubs.rat und das Trocknen des Substrats, wobei dJsub^ JS^^SSK 
die aus Oh***™. Aramidfasern. Graphi.fasern und Gemischen davon besteht. ausgewahl, 

«TT"J e ,™ a *? SPrUC * ^ eiderMe,athesek ^ly S a,or aus der Gruppe ausgewahlt is, die aus Haloqeni- 

und (S^m^ md K^ iden VOP WO " ram ' ****** Und Tantal ' Organoarso^ium-, OrganophosphSum- 
undOrganoammon.ummolybdaten und -wolframaten, Heteropolymorybdaten. HeteropofywoftrarnaTn und Geml 
schen davon besteht, und wobei der Meta,hese C okata.ysator aus der Gruppe ausgewLft is, d!eTwe»n,S:hen 

" °r o TbeTe7 VerbindUn9en ' Z*™***>™ B.e^rbindunXnd Gemi 

13 ' 9 T i0 AnSPmCh 1 2 ' WOb6i die 0r 9^oammonium-. Organoarsonium- und Organophosphoniummolvb- 

date und -wolframate durch die folgende Formel definier, sind: ganopnospnoniummolyb 

I R 4 Z J (2y-6x) M x°y P' 3 ZH] (2y . 6x) M x O y , 

wobe. Z Stickstoff, Arsen oder Phosphor is,. M MoVbdan Oder WoHram ist, O Sauerstoff ist x und y die Zahl der 
t IT .IT " f m MQiem 3U( der GfUndla 9 e ei ™ Wertigkeit von * ,ur Mofybdan * ^(OrWoJ « 2 
fur Sauers,o« dars.el.en und R und Ri einze.n aus Wasserstoff, Alkyl- und Alkylengruppen mi 1 bi£EZ££ 
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atomen und cycloaliphatischen Gruppen mil jeweils 5 bis 16 Kohlenstoffatomen ausgewahlt sind. 

M ' rriTn^ ^T* 1 f • Um,aSSend *» Au,tra 9 en der Beschichtung aus einer waBrigen Schlichtezusam- 
mensetzung. die e.n Organos.lan. e.n Gleitmitlel, ein antistatisches Mittel, ein filmbildendes Harz. die Beschichtung 

una Wasser umfaQt. M 

15 ' ^T^hJ^ ^P™**" ■ wobei die BeaeWchtung in wenigstens einem Monomer des Norbornentyps gelost 
m ,k ? ^ Monomer dea Norbornentyps aus der Gruppe ausgewahlt tat. die im wesentlichen aus Norbomen 
Methylnorbomen, Vinylnorbomen, Ethylidennorbomen. Tetracyctododecen, Methyltetracyckxtodecen, Dicyclopen- 
tadien, Tnmeren von Cyclopentadienen. Tetrameren von Cyctopentadienen und Gemischen davon besteht. 

16. Verfahren gemaB Anspruch 11, wobei die Menge des Metathesekatalysators und/oder -cokatalysators 0 1 bis 0 7 
Gewichtsteile pro 100 Gewichtsteile des wenigstens einen Monomers des Norbornentyps betragt. 

17. Verfahren gemafl Anspruch 12, wobei das Substrat eine Glasfasermatte ist und die Beschichtung auf die Matte 
aufgetragen wird, indem man die Matte in ein waOriges Medium eintaucht. das die Beschichtung enthalt. 

18 ' shd ahren 9emaB AnSpfUCh 12, WOb6i die °^°aluminiumverbindungen dutch die folgenden Formeln definiert 

( R „ M 0) a Rl b AIX c und (RO) a Rl b AIX c , 
wobei M aus Silicium, Zinn. Germanium. Blei und Aluminium ausgewahlt ist, R und R> einzeln aus Niederalkylqrup- 
pen und Phenylgruppen ausgewahlt sind. X ein Halogenid ist. das aus Chlorid und lodid ausgewahlt ist die Summe 
von a, b und c 3,0 ist. wobe. jeder Parameter die Aquivalente der Struktureinheiten in dem Cokatalysator anqibt 
wobei der Katafysator aus Wolframhexachlorid, Wolframoxidtetrachlorid. Wolframoxid, Tridodecylammoniumwolf- 
Me *ytricapiylammoniumwolframat. Tri (tridecyl) ammoniumwolframat, Trioctylamrnoniumworframat 
Molybdanpentachlorid, Molybdanoxidtrichlorid, Tridodecylammoniummolybdat, Methyltricaprylammoniummotyb- 
dat, Tn(tridecyl)ammoniummolybdat. Trioctylammoniummolybdat und Tantalpentachlorid ausgewahlt ist. 

19. Verfahren gema0 Anspruch 12, wobei der Cokatalysator aus Diethylaluminiumhalogeniden.Propoxyethylalumini- 
umh^ogeniden, Tetrabutylzinnhydrid, Triphenylzinnhydrid, Trimethylzinnhydrid. Triethylzinnhydrid Tripropylzinn- 
hydrid, Tetraethylzinn. Tetrabutylzinn und Gemischen davon ausgewahlt ist. 

20. Verfahren zur Herstellung eines verstarkten Formteile, umfassend das Bringen eines Substrats, das eine Kompo- 
nente eines Ringoffnungsmetathesekatarysatorsystems tragi, das aus der Gruppe ausgewahlt ist, die aus einem 
Katafysator, e.nem Cokatalysator und Gemischen davon besteht, in eine GieBform, das Einfuhren wenigstens eines 
Monomers des Norbornentyps in die Form, mit der MaGgabe, daR die Monomer-charge, wenn die Katalysatorkom- 
ponente oder Cokatalysatorkomponente auf dem Substrat abgeschieden ist, die komplementare Katalysatorkom- 
ponente bzw. Cokatalysatorkomponente enthalt, so da3 das Metathesekatalysatorsystem gebildet wird, was das 
Ablaufen einer Ringoffnungspolymerisationsreaktion durch Ringoffnung von wenigstens einem Monomer des Nor- 
bornentyps in der Form erlaubt. wobei das Substrat aus der Gruppe ausgewahlt ist, die aus Glasfasem Aramidfa- 
sem, Graphrtfasem und Gemischen davon besteht. 

21. Verfahren gemafj Anspruch 20. wobei das Substrat mit der Metathesekatafysatorkomponente beschichtet ist und 
das Monomer die Metathesekatalysatorkomponente enthalt. 

22. Verfahren gemafl Anspruch 20, wobei das Substrat mit der Metathesecokatalysatorkomponente beschichtet ist und 
das Monomer die Metathesekatalysatorkomponente enthalt. 

23. Verfahren gemaB einem der AnsprOche 20 bis 22. wobei der Katafysator aus Halogeniden, Oxidhalogeniden und 
Oxiden von Wolfram. Molybdan und Tantal, Organoarsonium-, Organophosphonium- und Organoammoniummc- 
fybdaten und -wolframaten, Heteropofymolybdaten, Heteropor/wolframaten und Gemischen davon ausgewahlt ist 
und der Cokatalysator aus Organoaluminiumverbindungen, Organozinnverbindungen, Organobleiverbindunqen 
und Gemischen davon ausgewahlt ist. 

24. Verfahren gemafi Anspruch 23, wobei die Organoammonium-. Organoarsonium- und Organophosphoniummotyb- 
date und -wolframate durch die folgende Formel definiert sind: »^ 
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25. Vertahren gemaB Anspruch 23. wobei die Organoa.uminiumverbindungen durch die foigenden Formem definiert 

(R„MO)a Rl b AIX c und (RO) a R' b AIX c , 

^n^r v lei U " d , Aluminium a"S9ewahlt ist, R und Ri einzeln aus Niaderalkylgruppen und Phenylqruppen 
ausgewahlt S ,nd, X e.n Halogenid ist. das aus Chlorid und lodid ausgewahrt ist. die Summe von a b und c 3 S^" 
wobe, jeder Parameter die Aquivalente der Struktureinheiten in dem Cokatolysator angibt, wobefdie Oranozinn 
auSS 60 h" ^^T^ Tetraa, ^™verbindungen und luftunempfind'ichen T^SZ 

^ sern^TrnhT 313 ^iT* 8 ' SUbS,rat ^ *' GmpPe aus 9 e ^hlt is,, die aus G.asfasern. Aramidfa- 

S^nSS. "l 6 ^'^ 6 " ^ beS,eht ' UPd d3S Verfahren auch den S <*"" des Einfuhrens ein^r aus 

Chlorsilanen ausgewahlten Halogenquelle mil dem Cokatalysator umfaBt. 

27 ' ^ rt ?Un e r 9em t 8 fTl Ans P r0che 20 und 23 bis 25 - w obei die Menge des Katalysators 0,05 bis 1 Gewichtsteil 
pro 100 Gew IC hts,e,.e des wenigstens einen Monomers des Norbomentyps betragt. wobei das Stoffmelenver 

Miiiimoi pro Mol das Monomers bzw. der Monomere betragt. 

Verfahren gemaB einem der Anspruche 20 bis 22 und 27. wobei das Monomerdes Norbomentyps aus substituierten 
ZZtST*" 2 - N °*°— ' Dic Vclopen,adienen. Dihydrc^yclopentadienen, jJS^SSSZ 
d.enen, Tetrameren von Cyclopentadienen, Tetracyclododecenen und Gemischen davon ausgewahl, ist 

noSlrZ 9 ^? B « 'TS ^ MOn0mSr d6S N 0 *™**** Nort^omen. Methylnorbomen Vlnyl- 

norbornen. EthylKJennorbomen. Tetracyclododecen. Methyltetracyclododecen Djcyctopentadien Trimer 

Tet T? r <***-*-■"" - davi ausgewahl, i^S^^SS^S 

KTT-r al09en,den ' P^^'^ini^halogeniden. Tetrabutylzinnhydrid, Triphenylzinnhydr^ 
IrgSTi^ ' TnS,hylZinnhydrid - Tripropyizinnhydrid. Tetraethylzinn. Tetrabutyfcinn und GemLen 



28. 



29. 



30. Vertahren gemaB Anspruch 26. wobei es sich bei der Halogenquelle urn Tetrachlorsilan handelt wobei der Katalv- 
sator aus der Gruppe ausgewahl, is,, die aus Wolframhexachtorid, WolframoxidtetrachlorW, vSSSid tSSI 
cylammomumwotframat. Methyltricaprylammoniumwolframa,, Tri(tridecyl) - ammoniumwofframat ^StoSmS 
^wolframat^orybdanpentachlond. MofyMtan^iorfd, ™^ 

mon.ummolybdat, Tn(tndecyl) - ammoniummo.ybda,. Triocty.ammopiummolybdat und iLalpentaThSS 



Revendications 



3. 



Substrat ayant sur sa surface un revetement choisi parmi le groups conlenan, lies catalyseurs de metathese a 
ouverture de cycle, les cc-catalyseurs de metathese a ouverture de cycle e, melanges. dL lequel iXubsUal 
est cho.s, parm, le groups comprenan, les fibres de verre, .es fibres cfaramWe, les fibL de graphs e, teurs mS 



tefh^r' 0 " 18 , reVendiCation 1 ■ dans ***** led « catatyseur de metathese es, choisi parmi le groupe comprenan, 
les halog^nures. les oxydes e, les oxyhalogenures de tungstene, e, tantale ; les molybdates e, Lqstates mXZ 
5r S ' h ^^-9s.a. e s d-organoarsenium. d'organophosphonium JT^^ZTuTs 

Substra, selon la revendication 1 , dans lequel ledi, co^atafyseur de metathese est choisi parmi le groupe compre- 
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nant les organo-aluminiums, les composes organiques d'etain, les composes organiques de plomb et leurs melan- 



ges. 



Substrat selon la revendication 2, dans lequel lesdits molybdates et tungstates d'organoammonium, d'organoarse- 
nium et cforganophosphonium sont definis par la formule suivante : 

<2y-6*) M x°y 

dans laquelle Z est razote, I'arsenic ou le phosphore M est le molybdene ou le tungstene, O est I'oxygene • x 
et y representor* le nombre tfatomes de M et O dans la molecule, calcule sur la de +6 pour le molybdene +6 pour 
le tungstene et -2 pour Toxygene. et R et Ri sont choisis individuellement parmi I'hydrogene. des groupes alkyle et 
alkylene ayant de 1 a 20 atomes de carbone et des groupes cyctoaliphatique ayant chacun de 5 a16 atomes de 
carbon e. 



5. Materiau de renforcement ou de charge selon la revendication 2, dans lequel ledit co-catalyseur est revendication 
2, dans lequel ledrt cc-catalyseur est insensible a I'air et est choisi parmi le groupe comprenant les composes 
organiques d'etain, les composes organiques de plomb et leurs melanges. 

6. Materiau de renforcement ou de charge selon la revendication 5, dans lequel ledit co-catalyseur est choisi parmi 
le groupe comprenant les tetra-alkyletains, les hydrures de trialkyletains, les tetra-alkylplombs et leurs melanges. 

7. Materiau de renforcement ou de charge selon la revendication 6. dans lequel ledit co-catalyseur est choisi parmi 
le groupe comprenant le tetrabutyletain. I'hydrure de tributyletain. le tetraethylptomb et leurs melanges. 

8. Substrat selon la revendication 3, dans lequel lesdits organo-aluminiums sont par les formules suivantes : 

<R n MO) a R 1 b AIX c et (RO) a R 1 b AIX c 
ou M est choisi parmi le silicium, I'etain, le germanium, le plomb et ('aluminium, R et Ri sont choisis indivi- 
duellement parmi les groupes alkyle inferieurs et les groupes phenyles, X est un halogenure choisi parmi un chlorure 
et un kxJure, la somme de a, b et c est 3.0, chaque parametre designant les equivalents des fractions dans le 
co-catalyseur. 



Substrat selon la revendication 1, dans lequel ledit catalyseur est choisi parmi I'hexachlorure de tungstene I'oxy- 
tetrachlorure de tungstene, I'oxyde de tungstene. le tungstate de tridodecylammonium, le tungstate de methyltrica- 
prylammonium, le tungstate de triftridecylJamnrKaiium, le tungstate de trioctylammonium, le pentachlorure de moly- 
bdene, I'oxytnchlorure de molybdene, le molybdate de tridodecylammonium, le molybdate de methyltricaprylam- 
monium, le molybdate de triftridecyOammonium, le molybdate de trioctylammonium et le pentachlorure de tantale 
dans lequel ledit co-catalyseur est choisi parmi les halogenures de diethylaluminium, les halogenures de propoxye- 
thylaluminfum, i'hydrure de tetrabutyletain, I'hydrure de triphenyletain, I'hydrure de trimethyletain, I'hydrure de trie- 
thyletain, I'hydrure de trip ropy letain, le tetraethyletain, le tetrabutyletain et leurs melanges. 

1 Substrat selon la revendication 2, dans lequel ledit co-catalyseur est choisi le chlorure de diethylaluminium I'iodure 
de dioctylaluminium et leurs melanges ; ledit co-catalyseur est utilise avec un moderateur de Vitesse de reaction 
choisi parmi les ethers, les esters, les cetones, les aJcools et leurs melanges, dans lequel le rapport molaire dudit 
moderateur audit co-catalyseur est de 1 : t ,5 a 1 :5. 

. Precede de preparation d'un substrat avec un revetement sur celui-ci chosi parmi les catalyseurs de metathese a 
ouverture de cycle, les co-catalyseurs de metathese a ouverture de cycle, et leurs melanges consistant a appliquer 
ledit revetement sur ledit substrat et a secher ledrt substrat et dans lequel ledit substrat est choisi parmi le groupe 
comprenant les fibres de verre, les fibres d'aramide, les fibres de graphite et leurs melanges. 

L Precede selon la revendication 1 1 , dans lequel ledit catalyseur de metathese est choisi parmi le groupe comprenant 
les halogenures, les oxydes et les oxyhalogenures de tungstene, molybdene et tantale ; les molybdates et tungs- 
tates, heteropolymolybdates. heteroporytungstates d'organoarsenium, d'organophosphonium et d'organoammo- 
nium et leurs melanges et dans lequel ledit concatalyseur de metathese est choisi parmi le groupe comprenant 
essentiellement les organo-aluminiums, les composes organiques detain, les composes organiques de plomb et 
leurs melanges. 

. Precede selon la revendication 12, dans lequel lesdits molybdates et tungstates d'organoammonium, d'organoar- 
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senium et dorganophosphonium sont deTinis par la formula suivante : 

[ R 4Z] «HhJ ^OyP 1 3 ZH] (2y<x) M x O y 

P , w n?H! to ? Ua .1 B 2 ' ,aZO,e ' '" arSeniC ° U ' e P^P^^ M est ,e motybdfene ou le tungstene. O est ."oxygene • x 
l^Tr T n0m o e d " at0meS de M 61 ° danS 13 mol6cule ' calcul6 sur la valence de *6 pour ,e ZyWfene 
afkvZ, I" T "5 P ° U - '' OXy96ne ' * R 61 R1 " nl Ch0iSis ^iduellement parmi ."hydrSne dTs ™ e ' 

* SZe aVan 20 ^ ^ Carb ° ne * d6S 9rOUP6S <**^i*« ayanTchaoun de 5 ^16 

14. Precede selon la revendication 12 constant a appliquer ledit revetement a partir d'une composition d'appret 
eTTELT COmP Un ° r9anOSilane - ,Ubfifia " t - U " «"•"' -e resine filmogene jJuJx^ 

15. Procedeselon la revendication 11 , dans lequel ledit revetement est dissous dans au moins un monomere de tvoe 
ESSE I'^ITT 6 " d6 T- n0rb0m6nG " Ch ° iSi <™* ,e S™P* - ~"P~n« eTeSLen^ 



et de ^SmSnges ^'^^ de ,rim6res * ^'opentadienes. de tetramLs de cyc.opentadSSs 

16 ' ri^ff n7 ,0n ? revend !f tion 11 • ^ le ^ uel la q««ntite dudit catalyseur et/ou co-catalyseur de metathese est 
de 0. 1 a 0,7 parte en poKte pour 100 parties en poids dudit (ou desdits) monomere(s) de type norbomlne 

17. Prookle selon la revendication 12, dans lequel ledit substrat est un mat de fibres de verre et ledit revetement est 
apphque aud.t mat en plongeant ledit mat dans un milieu aqueux contenant ledit revetement. 

18. ProcedS selon la revendication 12. dans lequel lesdits organo-aluminiums sont definis par les formules suivantes : 

(R n MO) a R 1 b AIX c et (RO) a R 1 b AIX e 

n„ on ^ M . Parmi ,S SiliCiUm ' V6tain - 16 9 ermanium - le P'omb et ("aluminium, R et W sont choisis indivi- 
etunZeTsSrT^ 

r^L£?l h T , , !/■ 61 C 6St 3 0> ChaqUe P 8 *"*"* designant les equivalents des fractions dans le 
ST^Lt^ T Cata ' ySeUr * Ch ° iSi Parmi |,heXaChlorure de tuna-ene. I'oxytetrachterure detng 

Tr^S^ ^ ,U "!: 18 tUn9State de ,rioct y |am ^nium, ,e pentachlorure de molybdene, I'oxyt ich.orJre 
SlSJSS ' m ° l ^ da,e h d ^ fldod ^yl— on,um, le mofybdate de methyltricaprylammcTum, e nSybdate de 
tnCtndecylJammonium.lemolybdatedetrioctylammoniumetle pentachlorure detantale. 

19. Precede selon la revendication 12, dans lequel ledit co-catalyseur est choisi parmi les halogenures de diethylalu- 
mirnum. les halogenures de propoxyethylaluminium. I'hydrure de tetrabutyletain, I'hydrure de triphenyletain 
Zurs mangel * '' hydrUre de 'e te.raeth'yletain, ,e mESJSS 

20 un^^ Pf , H P . arati ° n .f artiCle m ° Ute fen,0rc6 consis,a " t a P' a «=er dans un moule un substrat ayant sur celui-ci 
C ™r* nX d SySte T e de catalvseur * m6tat ^ a ouverture de cycle choisi parmi le groupe comprenan 

Z£? V 1' Un H C r° ,atySeUf 61 l8UrS m6lan9eS ' 3 introduire «*«» ,e moule a " ™™ ^nomere Tpe 

luSSTta ,t ^ . 51 16 COmpOSant de ^talyseur ou le composant de co-catalyseur est depose sur le 

substra,, , a charge de monomSfe renfeme |e ^^.p^, ds euf ^ |e com , ^ J ^ ur * 

Z > T T ' e ' V T ,m ^ Cata ^ 6Ur dS m6tath6se Permettant a une r ^ de PoVmerisLon 3et- 

e ml,rd a ? s T ° UV ?^ "IT 16 ( ° U d6SditS) monom - e ( s > d « 'VP* "orbornene d'etre Le en oeuvre da^ 

21 ' meta^e??^, " ^f^" 2 °" lequel led » substrat - «^obe avec le composan, de catafyseur de 
metathese et ledit monomere renferme le composant de catalyseur de metathese. 

22 ^S^^n^T 3 ^ ^ T leqUe ' ,edit SUbStrat 6St en,0b6 aVGC 16 C ° mpOSan{ de co-catahyseur de 
metathese et ledit monomere renferme le composant de catalyseur de methathese. 
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23. 



ropo-ymcybites. Mt^^ ' ,6S e, tungstates, hle- 

melanges ; at dans lequrttadlt ^^^^^0^^ hos P honium et d'organoarnmonium et leurs 
^tain, les ^pos.Tor^^^lZ^^Z °^ alU ~- - «"P««. cliques 

24 - :^ss£5s^ 

pour le tungstens e t -2 pour I'oxyqfene el R etS ^? ' ^J* SUf b Va ' 8nCe de +6 P° ur ,e ""lyMAn*. 
a.kyle et a.kylL ayant deTa Smes * > irLTJ, h ■ n * ndue " amert P a ™ "'hydrogene. des groupes 
atomes de carbone 6 * dCS 9r ° UpeS ^^"Phatiques ayant chacun de 5 a 16 

25. Proc.de sefcn „ revendica*>n 23, dans leque. .esdrts organo-a.un.iniums sont definis par .es tormules suites : 

<R„ MO) fi R' b AIX e et <RO) a R 1 b AIX C 

a lk y,e^^ 

**m*£LJSZi Z eu^To^sTo^ aa,kvi6tains insensibles * rair et ,es h * drur - de 

les composes de tetra-ai^p^ Pk>mb "S^ 6 * SOm Ch ° isis P 3 ™ le W» comprenan. 

26 ess r£ s ssssrr a ch tr mi ie 9 ™ pe com >— - *~ * 

2 \ P Cnte^^^ 

rappor, molaire dudS co^K^S^ SS^S^'i * T = ^ ' eqUel 

d'hatogene est de O.t a 2 milLies par n^dudil Z^^S!.^ *"* ^ * ^ 

dienes. J nnmeres de «£S££S2 , es iE^T"- 65 d,c V cto P en ^ie nes , les dihydrodicyctopenta- 
melanges. ycopentadienes, les tetrameres de cyclopentadienes. les tetracyclododecenes et leurs 

^■'edicyctopentadiene^ 

dans lequel ledit cocatalyseur est choisi aaLiiaT^ 'etramere de cyclopentadiene et leurs melanges et 



I'hydrure de trie- 
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